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TWO-PHASE TRANSMISSION FOR
MACHINE-TYPE COMMUNICATION

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a divisional of U.S. patent application
Ser. No. 15/165,249 Filed May 26, 2016, which 1s hereby
incorporated by reference.

FIELD

The application relates to grant-free transmission, such as
machine-type communications.

BACKGROUND

In some network applications, there may be a large pool
of machine-type devices, among which only a few are
simultaneously active. Such devices will typically use grant-
free uplink transmission, and will employ short-packet
transmission with a low modulation and coding scheme
(MCS). Compressed sensing (CS) can be used in such
applications for device activity detection.

Activity detection 1s an important feature of any uplink
random access system. Activity detection involves detecting
which devices are transmitting. CS 1s a tool for UE (user
equipment, for example a machine-type device) detection 1n
scenarios where UE activity 1s sparse 1n the sense that from
a large number of UEs that could attempt to access the

system at a given instant, typically a relatively small number
are 1n fact attempting to access the system. In other words,
a small number of UEs among a large pool of UEs are
simultaneously active.

Where an active device spreads 1ts data symbols over
several chips using a spreading signature of moderate
length, the receiver uses the entire received spread signal to
detect the fact that the device 1s transmitting, 1.e. detect the
fact that the device 1s active, and also to decode the active
device’s data.

With CS, an underdetermined set of equations 1s
expressed 1n terms of an unknown sparse vector. The num-
ber of nonzero elements 1n the unknown vector 1s much less
than the number of observations.

A standard CS problem involves solving an underdeter-
mined set of (noisy or noiseless) equations 1n terms of an
unknown sparse vector based on a number of observations.
The number of nonzero elements 1n the unknown vector 1s
much less than the number of observations. The set of
(no1sy) equations can be expressed as follows:

Yassc 1t =P anav Pana s

where the elements of the equation are:
Vi =18 @ set of M observations;
h,.., 1s a set of N unknowns;
P, . 18 a matrix that defines linear combinations of the
unknowns; and
n,., 15 a set of noise components,
with K<<M<N, where K 1s the number of nonzero elements
of h.

The CS problem 1s usually cast as an optimization prob-
lem. One typical example 1s the following convex optimi-
zation problem:

. o1
h:arghﬂ]ll‘li ||y—Ph||% +;L||h”l
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where ||*||, and ||*||, denote I,-norm and I,-norm of a vector,
respectively, defined as

|x \22\/21-|in2 and ||x||,=Z,Ix;|

The UE detection problem can be recast as a CS problem
based on the following set of equations:

Yt t =P anav Pinsa Has

where the elements of the equation are:
Vasg—18 a set of M observations;
h,.; 1s a set of N unknowns representing the vector of
channel coetlicients of the UEs; each active UE corresponds
to a nonzero element 1n h and each inactive UE corresponds
to a zero element 1n h. It 1s noted that h 1s not the channel
per se, but 1s a CS determined single value that represents a
fixed channel over the entire pilot sequence; following CS
detection, h 1s the CS detection output;
P, .. 15 a pilot matrix, each column of which represents the
pilot vector of a specific UE;
n,.  1s a set of noise components;
with K<<M<N, where
K 1s the number of nonzero elements of h, which 1s equal to
the number of UEs that are active at a given instant;
N 1s the size of the pool of UEs that might be active; and
M 1s the number of observations.

A corresponding approach 1s based on block-wise com-
pressed sensing. Blockwise CS 1s formulated as L underde-
termined sets ol equations 1n terms of L. unknown sparse

vectors with the same sparsity pattern

Yirxte, = Puxwy - Xnxr + Zuxt

. 1
X =arg Jcmur_lE | Y = PX||5 +A-norm(X)
X

where X 1s a row-sparse matrix and norm(X) 15 a row-
sparsiiying norm. As an example, norm(X) can be defined as

norm(X) ZI-\/ZjIXI- z}-IZ.

It can be seen that 1in both cases described above, there are
two terms 1n the convex optimization problem. The second
term 1s a convex function which ensures the vector x (or the
matrix X) that minimizes the optimization objective 1s as
sparse (or row-sparse) as possible. A represents a weighting
factor between the two terms in the optimization.

SUMMARY

A broad aspect of the mvention provides a method of
transmitting data. For activity detection, at least one symbol
1s transmitted using at least one spreading signature of a first
length. For data transmission, a plurality of symbols are
transmitted using at least one spreading signature of a
second length that 1s shorter than the first length. Advanta-
geously, using a relatively longer spreading signature for the
symbol transmitted for activity detection increases the like-
lihood that devices will be accurately detected.

Optionally, transmitting at least one symbol using at least
one spreading signature of a first length involves transmit-
ting a single symbol multiplied by one spreading signature
of the first length. Alternatively, multiple symbols can be
sent, each multiplied by a different spreading sequence of
the first length.

Optionally, transmitting a plurality of symbols using at
least one spreading signature of a second length comprises
transmitting the plurality of symbols using a plurality of
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spreading signatures of the second length. Each spreading
sequence may be used for several of the symbols.

Optionally, the spreading signatures are specified by
assigning to the transmitter a column-wise cyclic oflset of a
matrix contaiming the predefined set of spreading signatures.

Another broad aspect provides a method of detecting
active devices, and then receiving their data. The method
involves detecting whether a device 1s active by processing
a recerved signal using at least one spreading signature of a
first length. Optionally, compressed sensing 1s used. IT the
particular device 1s detected as active, the method continues
with performing data decoding using at least one spreading,
signature of a second length that 1s shorter than the first
length.

Another broad aspect of the ivention provides a two-
phase transmuitter that has a first spreading signature selector
for selecting at least one spreading signature of a first length,
a spreader for spreading at least one symbol using the at least
one spreading signature of the first length to produce a first
spreader output for activity detection, a second spreading
signature selector for selecting at least one spreading sig-
nature of a second length that 1s shorter than the first length,
the spreader also for spreading a plurality of data symbols
using the at least one spreading signature of a second length
to produce a second spreader output, and an RF transmit
chain for transmitting the {first spreader output and the
second spreader output.

Another broad aspect of the mvention provides a two-
phase receiver that has an activity detector configured to
detecting whether a device 1s active by processing a received
signal using at least one spreading signature of a first length,
and a multi-user data decoder configured to performing data
decoding for devices detected to be active by the activity
detector using at least one spreading signature of a second
length that 1s shorter than the first length.

BRIEF DESCRIPTION OF THE

DRAWINGS

Embodiments of the invention will now be described with
reference to the attached drawings 1n which:

FIG. 1 1s a block diagram of a system with two-phase
transmission;

FIG. 2 1s a flowchart of a method of transmitting a
two-phase transmission;

FI1G. 3 15 a flowchart of a method of receiving a two-phase
transmission;

FIG. 4 depicts
mission;

FIG. 5 provides simulation results for various two-phase
transmission examples; and

FIG. 6 1s a block diagram of a transmitter for two-phase
machine type communication.

a specific example of a two-phase trans-

DETAILED DESCRIPTION

Generally, embodiments of the present disclosure provide
a method and system for two-phase machine type commu-
nication. For simplicity and clarity of illustration, reference
numerals may be repeated among the figures to indicate
corresponding or analogous elements. Numerous details are
set forth to provide an understanding of the examples
described herein. The examples may be practiced without
these details. In other instances, well-known methods, pro-
cedures, and components are not described 1n detail to avoid
obscuring the examples described. The description 1s not to
be considered as limited to the scope of the examples
described herein.
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It has been observed that the performance of CS 1s
improved with increased block length and/or with increased
spreading factor length, and that the improvement 1s more
sensitive to an increased spreading factor length than to an
increased block length.

Embodiments of the invention relate to two-phase data
transmission, for example for grant-free transmission, such
as machine-type communication (MTC) transmission, 1n
which symbols transmitted for activity detection are trans-
mitted with a longer signature length, relative to a signature
length used for data transmission, so as to improve the
activity detection reliability.

A first signature length 1s employed for symbols trans-
mitted for activity detection, and a second signature length
1s employed for symbols transmitted for data transmission.
The first signature length 1s longer than the second signature
length so as to improve the activity detection reliability.
Spreading signatures having the first signature length will be
referred to herein as long spreading signatures, and spread-
ing signatures having the second signature length will be
referred to herein as short spreading signatures.

Referring now to FIG. 1, shown 1s a system with two-
phase transmission, and UE activity detection and data
detection provided by an embodiment of the invention. The
system includes a recerver, generally indicated at 100, which
may, for example, be a wireless base station. Also shown 1s

a set of UEs UE, 102, UE, 104, , UE,, 106. More
generally, the receiver 100 of FIG. 1 1S conﬁgured to perform
UE detection of active UEs within a pool of up to N UEs,
but there may or may not be N UEs in the vicinity of the
receiver 100 at a given instant.

The UEs 102, 104, . . ., 106 have respective two-phase
transmitters (TPT) 103,105,107 that perform two-phase
transmission. Each UE has one or more antennas. It should
be understood that the UEs are shown with components to
perform two-phase transmission, but that typically each
transmitter will include other functionality and components.

The recerver 100 has N, receive antennas 108, where
N >=1. The receiver 100 has an activity detector based on
long signature length 112, and a data detector based on short
signature length 114, that perform UE activity detection and
data detection as a function of signals received at the N
receive antennas 108. It should be understood that the
receiver has components to perform two-phase reception,
but that typically each transmitter will include other func-
tionality and components.

In operation, one or more of the UEs may be active at a
given time. Fach active UE transmits a two-phase transmis-
s10n contaiming at least one symbol for activity detection and
a plurality of symbols for data transmission. This can be
done using one of the methods described below, for
example.

The receiver 100 does not know which UEs are active.
Symbols for activity detection will only actually be trans-
mitted by active UEs. The activity detector 112 performs
activity detection, for example using one of the methods
described below. An output of the activity detector 112
identifving the active devices 1s passed to the data detector
114 at 115. The data detector 114 performs data detection for
symbols transmitted by UEs detected to be active.

A method performed by a transmitting device, for
example the UEs of FIG. 1, will now be described with
reference to FIG. 2. In the case of an MTC device, for
example, the method 1s performed when the device has data
to transmit. In a first phase, 1n block 200, for activity
detection, the device transmits at least one symbol using a
long spreading signature. In a second phase, 1n block 202,
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for data transmission the device transmits a plurality of
information-carrying symbols using at least one short
spreading signature. The spreading signatures used for activ-
ity detection are long, and the spreading signatures used for
data transmission are short, in the sense that the length of the
spreading signatures for data detection 1s shorter than the
length of the spreading signatures for activity detection.

In some embodiments, block 200 involves transmitting a
single symbol multiplied by one long spreading signature. In
some embodiments, the single symbol may be known to the
receiver. In other embodiments, the single symbol may be
data-carrying, and thus unknown to the receiver.

In some embodiments, block 200 1involves transmitting a
plurality of symbols using a plurality of long spreading
signatures. In some embodiments, a different spreading
signature 1s used for each of the plurality of symbols. The
plurality of spreading signatures may be specified for a
particular transmitter from a predefined set of spreading
signatures. In some embodiments, the plurality of symbols
may be known to the recerver. In other embodiments, the
plurality of symbols may be data-carrying, and thus
unknown to the receiver.

In some embodiments, a same long spreading signature 1s
used for a number of symbols before a switch 1s made to a
next long spreading signature. More specifically, a respec-
tive spreading signature of the plurality of long spreading
signatures 1s used for each of a plurality of subsets of the
plurality of symbols. For each subset, each symbol of the
subset 1s multiplied by the respective spreading signature.

In some embodiments, the diflerent spreading signatures
are specified by assigning to the device a column-wise cyclic
oflset of a matrix containing the predefined set of spreading
signatures.

In a specific example, an original spreading signature
matrix 1s defined as follows:

S(original)=[S1.,52, . . . ,SN]

where each of S1, S2, . .., SN 1s a column of the matrix
containing a respective long spreading signature. A column-
wise cyclic shift of the spreading signature matrix of M
columns results 1n a spreading signature matrix as follows:

S(shift M)=S(1+M)mod N,S2+M)mod N, . . . ,S(N+
M)mod N

In a specific example, a given device 1s configured to use
a single selected column of S for the transmission of the first
subset of the plurality of symbols. Then, the device switches
to S(shift M1) and uses the same column 1n S(shift M1) for
transmission of the second subset of the plurality of sym-
bols. Then, 1t switches to S(shift M1)(shitt M2) and uses the
same column 1 S(shift M1)(shitt M2) for transmission of
the third subset of the plurality of symbols, and so on. M1,
M2, . .. can be different or the same.

In some embodiments, for a given device, the same short
spreading signature 1s used for all of the symbols. In some
embodiments, multiple spreading signatures are used. A
switch 1n the short spreading signature can be made every
symbol, or after groups of symbols. The spreading signa-
tures may be specified for a particular transmitter from a
predefined set of spreading signatures. For example, as was
the case for the long spreading signatures discussed above,
the different short spreading signatures may be specified by
assigning to the transmitter a column-wise cyclic oflset of a
matrix containing the predefined set of spreading signatures,
but 1 this case, the matrix will contain short spreading
signatures instead of long spreading signatures.

In some embodiments, the two-phase transmission 1s
performed within a context in which there 1s a fixed amount
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6

ol resources available for a transmission for both activity
detection and data transmission. For example, a fixed

amount of resources may have been defined for legacy MTC
transmission. In this case, the fixed amount of resources 1s
divided into two parts, one of which 1s used with long
spreading sequences for activity detection, and one of which
1s used with short spreading sequences for data transmission.
In a specific example, a baseline resource assignment con-
tains 100 resource units for single phase transmission of 10
data-carrying symbols each multiplied by a spreading sig-
nature having length 10. In a two-phase transmission, the
same 100 resource units can be divided in two, with 50 unaits
used to transmit a single known symbol multiplied by a long
spreading signature having length 50, and 50 units used to
transmit 10 data-carrying symbols multiplied by a short
spreading signature having length 3.

Improved performance for activity detection 1s achievable
by using a single symbol multiplied by a single spreading
signature of the longest possible length given an amount of
resources available for transmitting symbols for activity
detection. In some embodiments, there may be a constraint
on a signature length that limits the signature length to some
value less than the longest possible length given the amount
of resources available. Such a constraint might be imposed
by a standard, for example. This 1s one example where
transmitting a plurality of symbols for activity detection
might be employed. A signature length that 1s the longest
allowed for could be employed for symbols transmitted for
activity detection. This 1s shorter than the longest possible
signature length given the amount of resources available, but
1s still longer than the spreading signatures used for data
transmission.

A method performed by a receiving device, for example
the receiver 100 of FIG. 1, will now be described with
reference to FI1G. 3. In block 250, a receiving device detects
whether a device 1s active by processing a received signal
using at least one long spreading signature. The signatures
used for activity detection are the same as those used by the
potentially active device 1n transmitting symbols for activity
detection. In block 252, if the device 1s detected as active,
the receiving device performs data decoding using at least
one short spreading signature. The signatures used for data
decoding are the same as those used by the active device 1n
transmitting symbols for data transmission.

SPECIFIC EXAMPLES

Each device has its own spreading signatures. There
typically will be a number of devices that 1s greater, and
possibly much greater, than the number of possible orthogo-
nal spreading signatures for a given signature length, and as
such non-orthogonal spreading signatures can be used. In
some embodiments, the signature matrix 1s designed such
that the active devices are ensured to have diflerent signa-
tures. However, this does not necessarily need to be the case.
In some embodiments, signature collision 1s allowed up to a
certain level for the data transmission phase, because UE
signals with the same signature pass through different uplink
channels, which enables the receiver to distinguish between
them and thus do the decoding. An example of this 1s uplink
sparse code multiple access (SCMA) with codebook colli-
S1011.

Referring now to FIG. 4, shown 1s an example of two-
phase device communication. Shown 1s a base station 300
having a coverage area 302 within which a number of
devices are located. In this example, two of the devices
304,306 are active. These could be any two devices, and are
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referred to as device 1, and 1,. Transmissions take place over

a first phase 308 and a second phase 310. During the first
phase, device 1, transmits two symbols d,,d, each multiplied
by a long spreading signature 312, and during the second
phase, device 1, transmits data symbols d3, d4, . . . d,,each 5
multiplied by a short spreading signature 314. As discussed
above, for a given device, the device may use one or
multiple long spreading signatures, and may use one or
multiple short spreading signatures.

Similarly, during the first phase, device 1, transmits two 10
symbols d,.d, each multiplied by a long spreading signature
316, and during the second phase, device 1, transmits data
symbols d;, d, . . . dy, each multiplied by a short spreading,
signature 318. As discussed above, for a given device, the
device may use one or multiple long spreading signatures, 15
and may use one or multiple short spreading signatures.

During the first phase, transmissions by the devices are
synchronized. In some implementations, the UEs are either
static or have a very low mobility, and therefore, they can be
synchronized once and keep their synchronization for a long 20
time.

The transmissions of the two devices (and more generally
the transmissions of whatever devices within the coverage
area of the base station are active) combine over the air and
are received by the base station 300. The base station 25
performs active device detection based on the long spread-
ing signatures, for example using compressed sensing. The
base station performs data detection using short spreading
signatures, for example using an approach other than com-
pressed sensing, for example minimum mean square error 30
(MMSE) detection.

Example simulation results are depicted in FIG. 5. In this
example, a pool size of 300 devices 1s employed, represent-
ing the set of devices that may be active at a given instance.
The number of devices that are actually active 1s 6. A 35
generalized Block Coordinate Descent (BCD) algorithm 1s
used for compressed sensing. The modulation 1s quadrature
phase shift keying (QPSK), and the channel 1s additive white
Gaussian noise (AWGN). The parameters include spreading
factor (SF) which represents the signature length, activity 40
detection block length I which represents the number of
symbols used for activity detection, and A which was
discussed above. In FIG. 5, the following specific simulation

results are shown:
a first curve 400 1s shown with SF=208, L.=1, and A=10; 45

a second curve 402 1s shown with SF=108, [.=2, and A=3;

a third curve 404 1s shown with SF=108, .=2, and A=10;
and

a fourth curve 406 1s shown with SF=58, =4, and A=3.

In some embodiments, multiple values of A are used over 50
respective signal-to-noise ratio (SNR) ranges. When the
SNR 1s low, the first term 1n the CS output 1s unreliable, and
A may be set relatively high. Conversely, when SNR 1s high,
the first term 1s more reliable, and A can be set lower.

The methods described herein are not dependent upon the 55
particular manner in which the spreading signatures are
applied to the symbols for activity detection and data
transmission. In some embodiments, the spreading signa-
tures are applied 1n the time domain, for example 1n a code
division multiple access (CDMA)-like manner. In some 60
embodiments, the spreading signatures are applied in the
frequency domain, for example prior to an inverse fast
Fourier transform (IFFT). In some embodiments, the spread-
ing signatures are applied over both time and frequency.

In the example above, compressed sensing i1s used for 65
activity detection. Compressed sensing 1s a specific example
ol an approach that has been used where activity is sparse.

8

The compressed sensing approach does not rely on the fact
that data transmission has a specific format, e.g. QPSK or
BPSK, or the fact that it may contain a known symbol; rather
the approach indicates whether an activity detection output
for a given device 1s non-zero. Other approaches to activity
detection may be used in some embodiments. For example,
there may be improvements in the conventional compressed
sensing approach that take advantage of other side informa-
tion, such as the known symbol, and symbol format.

FIG. 6 1s a block diagram of a two-phase transmitter in
baseband, for example the two-phase transmitter 103 of FIG.
1. Typically, such a transmitter would include additional
functionality, such as RF receive and transmit chains, not
shown. Shown 1s functionality, generally indicated at 600,
for implementing the first phase of the two-phase transmis-
s1ion and functionality, generally indicated at 620 for imple-
menting the second phase of the two-phase transmission.
Note that spreader 628 1s used for both phases of the
transmission. There may be other components, not shown,
that are used for both phases of the transmission. Function-
ality 600 includes a long signature selector 602 that selects
and/or generates a signature for activity detection. The
selected long signature 1s multiplied 1n spreader 628 by a
known or unknown symbol, and the output 1s passed to the
RF transmit chain for transmission over the air.

Also shown 1s functionality, generally indicated at 620,
for implementing the second phase of the two-phase trans-
mission. Shown 1s a data source 621, which may, for
example, simply be a connection to another network. Data
source 620 1s connected to forward error correction (FEC)
encoder 622, the output of which 1s connected to modulator
626. The output of modulator 626 i1s mput to the spreader
628 which produces a signal containing spread data which 1s
transmitted by transmit RF chain, not shown. A short sig-
nature selector 624 selects and/or generates the short signa-
tures to be used for data transmission and passes these to the
spreader 628.

In the preceding description, for purposes of explanation,
numerous details are set forth 1n order to provide a thorough
understanding of the embodiments. However, it will be
apparent to one skilled 1n the art that these specific details
are not required. In other instances, well-known electrical
structures and circuits are shown 1n block diagram form 1n
order not to obscure the understanding. For example, spe-
cific details are not provided as to whether the embodiments
described herein are implemented as a software routine,
hardware circuit, firmware, or a combination thereof.

Embodiments of the disclosure can be represented as a
computer program product stored in a machine-readable
medium (also referred to as a computer-readable medium, a
processor-readable medium, or a computer usable medium
having a computer-readable program code embodied
therein). The machine-readable medium can be any suitable
tangible, non-transitory medium, including magnetic, opti-
cal, or electrical storage medium including a diskette, com-
pact disk read only memory (CD-ROM), memory device
(volatile or non-volatile), or similar storage mechanism. The
machine-readable medium can contain various sets of
instructions, code sequences, configuration information, or
other data, which, when executed, cause a processor to
perform steps 1 a method according to an embodiment of
the disclosure. Those of ordinary skill 1n the art will appre-
ciate that other instructions and operations necessary to
implement the described implementations can also be stored
on the machine-readable medium. The instructions stored on
the machine-readable medium can be executed by a proces-
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sor or other suitable processing device, and can interface
with circuitry to perform the described tasks.
The above-described embodiments are mntended to be
examples only. Alterations, modifications and variations can
be eflected to the particular embodiments by those of skill in
the art. The scope of the claims should not be limited by the
particular embodiments set forth herein, but should be
construed in a manner consistent with the specification as a
whole.
The 1nvention claimed 1s:
1. A method comprising:
detecting whether a device 1s active by processing a
received signal using at least one spreading signature of
a first length; and

if the particular device 1s detected as active, performing,
data decoding for a transmission by the particular
device using at least one spreading signature of a
second length that 1s shorter than the first length.

2. The method of claim 1 further comprising performing
the detecting and decoding steps for a plurality of devices.

3. The method of claim 2 wherein performing detecting
for the plurality of devices comprises using compressed
sensing.

4. The method of claam 3 wheremn performing data
decoding comprises using a decoding approach other than
compressed sensing.

5. The method of claim 1 wherein detecting whether a
device 1s active by processing a received signal using at least
one spreading signature of a first length comprises detecting
at least one known symbol using the at least one spreading
signature of a first length.

6. The method of claim 1 wherein detecting whether a
device 1s active by processing a received signal using at least
one spreading signature of a first length comprises detecting
at least one mnformation carrying symbol using the at least
one spreading signature of a first length.

7. The method of claim 1 wherein for activity detection,
the recerved signal comprises a single symbol multiplied by
one spreading signature of the first length.

8. The method of claim 7 wherein for data transmission,
the method further comprises receiving a plurality of infor-
mation-carrying symbols using a plurality of spreading
signatures of the second length.

9. The method of claim 8 wherein for data transmission,
receiving a plurality of information-carrying symbols using
a plurality of spreading signatures of the second length
COmMprises:

using a respective spreading signature of the plurality of

spreading signatures of the second length for each of a
plurality of subsets of the plurality of information-
carrying symbols;

wherein the plurality of spreading signatures of the sec-

ond length are specified for a particular transmitter
from a predefined set of spreading signatures; and
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wherein the plurality of spreading signatures of the sec-
ond length are specified by assigning to the transmitter
a column-wise cyclic oflset of a matrix containing the
predefined set of spreading signatures.

10. The method of claaim 1 wherein detecting whether a
device 1s active by processing a received signal using at least
one spreading signature of a first length comprises detecting
a plurality of symbols using a plurality of spreading signa-
tures of the first length.

11. The method of claim 10 wherein for activity detection,
detecting a plurality of symbols using a plurality of spread-
ing signatures of the first length comprises:

using a respective spreading signature of the plurality of

spreading signatures for each of a plurality of subsets of
the plurality of symbols.

12. The method of claim 11 wheremn the plurality of
spreading signatures are specified for a particular transmitter
from a predefined set of spreading signatures.

13. The method of claim 12 wherein the different spread-
ing signatures are specified by a column-wise cyclic ofiset of
a matrix containing the predefined set of spreading signa-
tures.

14. A two-phase receiver comprising:

an activity detector configured to detect whether a device

1s active by processing a received signal using at least
one spreading signature of a first length; and

a multi-user data decoder configured to perform data

decoding for a transmission by the device detected to
be active by the activity detector using at least one
spreading signature of a second length that 1s shorter
than the first length.

15. The recerver of claim 14 wherein the activity detector
and multi-user data decoder are configured to perform the
detecting and decoding for a plurality of devices.

16. The receiver of claim 15 wherein the activity detector
performs detecting for the plurality of devices using com-
pressed sensing.

17. The receiver of claim 16 wherein the multi-user data
decoder performs data decoding using a decoding approach

other than compressed sensing.

18. The receiver of claim 14 wherein the activity detector
detects whether a device 1s active by detecting at least one
known symbol using the at least one spreading signature of
a first length.

19. The receiver of claim 14 wherein the activity detector
detects whether a device 1s active by detecting at least one
information carrying symbol using the at least one spreading
signature of a first length.

20. The recerver of claim 14 wherein for activity detec-
tion, the received signal comprises a single symbol multi-
plied by one spreading signature of the first length.
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